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Abstract 
Different types of haematocytes found in the peripheral blood of walking catfish Clarias 
batrachus, have been characterized and identified using morphological, morphometric 
and cytochemical techniques. These cells are: erythrocytes, reticulocytes, large and small 
lymphocytes, thrombocytes, monocytes and polymorphonuclear leucocytes (neutrophils). 
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Introduction 
Haematological studies in fish have assumed greater significance with the increasing 
emphasis on pisciculture and even greater awareness on fish diseases, the pollution of 
natural water resources as well as determination of patho-physiological condition of fish. 
Many routine haemotological studies already exist in human medicine to assist in 
providing evidence and possible identification of an abnormality or disease process. Like 
human and other higher vertebrates both cells and soluble factors of blood play an 
important role in the defense mechanism of fish during the acute and earlier stage of 
infection. Many haematological studies were conducted with different fishes in different 
countries (McCarthy et al. 1973, Grilzzle and Rogers 1976, Mahajan and Dheer 1979). 
Walking catfish or magur Clarias batrachus is an important food fish of Bangladesh with 
high market price. Chinabut et al. (1991) and Boomker (1981) reported on various blood 
cells of walking catfish from Thailand and South Africa respectively. But there is no 
report of any haematological work on this important fish in this country. Sardar (1999) 
worked on different aspects of the haematology of apparently healthy and artificially 
infected C. batrachus. This report includes the identification of different cell types found 
in peripheral blood of walking catfish, C. batrachus with their possible classification. 
Materials and methods 
Experimental fish 
Clarias batrachus was selected for its haematological study. In total 78 fish were 
investigated to know their blood cell types. Thirteen fish were sampled in each month 
randomly taking only one fish a day. Fish samples were bought from local market of 
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BAU campus and Mymensingh town. Experimental fish were transported to the 
laboratory from market in bucket containing water. Average length and weight of the 
fish were 20.95±0.64 em and 79.09±6.75g respectively. 
Acclimatization offish 
Fish were acclimatized in aquaria containing tap water for 7 days before experiment 
with aeration and feeding at alternate day with SABINCO fishmeal pellet. Seventy per 
cent of water was changed every day. The aquaria were set in a room (laboratory II) 
beside the fish disease laboratory. 
Blood collection 
Fish were caught gently in a small scoop net avoiding stress, transferred into a bowl 
containing the same water where they were acclimatized. After anesthetizing the fish 
with 5 ppm quinaldine (Sigma chemical Co. USA) (Hossain and Shariff 1992), blood 
samples were collected from the caudal. vein with a sterile disposable plastic syringe 
coated with 3.6% sodium citrate as an anticoagulant (Smith et al. 1952). To avoid 
contamination with mucus and water the area of insertion of syringe was wiped with 
cotton soaked in 70% alcohoL 
Preparation and staining of blood smears 
Thin blood films were prepared immediately after collection on previously cleaned 
glass slide in the following way: a drop of blood was placed on one side of the slide. 
Another slide was placed in front of the drop in an inclined vertical position making 45o 
angle towards the drop in such a way that the slide just touches the drop. This slide was 
then pushed to the other side of the flat slide to prepare a smear. It was then air-dried, 
fixed in methanol and stained by Wright's and Giemsa's stain (Chinabut et al. 1991) in 
the following way: 
• Dried smear was fixed in 100% methyl alcohol for 15 minutes and was air dried 
a gam. 
• Stained with Wright's stain for 3-5 min. 
• Dipped in PBDW for 5-6 min. 
• Stained with 1:10 diluted Giemsa's stain in distilled water for 20-30 min. 
• Flashed with distilled water to prevent stain-precipitation on slide 
• Dipped in phosphate buffer distilled water (PBDW) for 10-20 min. 
• Rinsed well in distilled water, blotted, dried and finally mounted in Canada balsam. 
It is remarkable that satisfactory result was not obtained when only Wright's or 
Giemsa's stain was used. 
All microscopic studies were done under a compound binocular microscope at 
different magnifications as and where needed and occulomicrometer was used for 
measuring the cells. 
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Results 
The following cells were identified from stained smear of walking catfish Clarias 
batrachus peripheral blood: erythrocytes, large and small lymphocytes, thrombocytes, 
monocytes and polymorphonuclear leucocytes (neutrophilic granulocytes). Their 
descriptions are given below and they were shown in Fig. 1. 
Fig. 1. Photomicrograph of stained blood smear showing a. mature erythrocytes and a reticulocyte (R); 
b. small lymphocyte (SL) and large lymphocyte (LL) with pseudopod like formation (arrow); c. small 
lymphocyte (SL), rounded thrombocyte (T) and monocyte like cell (M); d. oval shaped thrombocyte (T); 
e. elongated form of thrombocyte (arrow); f. monocyte (M) with cytoplasmic vacuoles (arrow); g. 
neutrophil like cell with bilobed nucleus and h. neutrophil like cell with cytoplasmic granules (arrow) 
and a monocyte like cell (M) (Wright and Giemsa x 875). 
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Erythrocytes 
The identified mature erythrocytes or red blood cells were oval to round in shape 
with deeply stained nucleus and abundant cytoplasm. Size of the cells were 9-10 x 12-13 
f.Lm and the diameter of the nuclei were 3-4 f.Lm. Nuclei were centrally located, took an 
auricula purple colour having alternate lighter and darker area, and the cytoplasm was 
lightly stained of a buff colour no cell inclusions or vacuoles were observed in the 
cytoplasm of the erythrocytes (Fig. 1a). The immature erythrocytes known as 
reticulocytes were rarely found in the circulating blood (Fig. 1a). The size of the 
reticulocytes were about same as that of the mature erythrocytes but the nuclei were 
larger. The cytoplasm of the reticulocytes were stained a light blue with dark auricula 
purple coloured nuclei in Wright's and Giemsa's. 
Leucocytes 
Observed leucocytes or white blood cells were divided into two groups, 
agranulocytes and the granulocyte depending on the absence and presence of granules in 
their cytoplasm respectively. 
Agranulocytic leucocytes 
Following cells were identified as agranulocytic leucocytes. 
Lymphocytes: Observed lymphocytes of walking catfish were smaller than the 
erythrocytes and much more variable in size ranging from 5 to 9 micrometers. These 
cells were characterized by being round in shape with narrow band of non-granular 
cytoplasm that stained a light blue colour in Wright's and Giemsa's. The nucleus, 
tending to be eccentric, occupied more or less % th of the cytoplasm and characterized 
by very dark staining chromatin of dark purple colour in Wright's and Giemsa's. 
Lymphocytes with pseudopods were also observed (Fig.1 b). The large and small 
lymphocytes (Fig.1b and c) were determined on the basis of their comparative size: the 
larger lymphocytes mostly had varied shape- circular to amoeboid form with pseudopod 
like formation on the cytoplasm. They were 7 to 9 jlm in size, whereas the small 
lymphocytes were 4 to 5 f.Lm in size. 
Thrombocytes: Three types of thrombocytes were identified from the stained blood 
smear of walking catfish: round, oval and elongated (Fig. 1c, d and e). The round 
thrombocytes resembled and were confused with small lymphocytes in blood smear, and 
were characterized by a thin rim of cytoplasm around the nucleus. The nuclei were 
slightly larger than those of erythrocytes. The cytoplasmic region surrounding the 
nucleus was very small, stained faintly and the cell shape was mainly provided by the 
nucleus which took a variant auricula purple colour in Wright's and Giemsa's staining. It 
was very difficult to visualize the cytoplasm of these round thrombocytes because the 
nucleus occupied almost the whole area of the cell. They were 3-4 micrometers in 
diameter and were the major type of thrombocytes in the leucocyte population that 
appeared single or in groups. The average size of the oval shaped thrombocytes were 4-5 
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x 6-8 )..lm. The elongated thrombocytes had pale pink cytoplasm at one or both ends of 
the cell. They were considered immature. 
Monocytes: The monocytes were found to be the largest (about 9 to 15 micrometers) of 
the formed blood elements. The cell shape, although variable, were generally globular. 
They were often characterized by the presence of pseudopods. Vacoules were found in 
the cytoplasm ranging from few and small to many and large. Observed nuclei of the 
monocytes were eccentric and irregular in shape, their cytoplasm took little stain of 
bluish-gray colour and nucleus was stained of a variant auricula purple colour which was 
lighter than that of erythrocytic and thrombocytic nuclei (Fig. If). The cells were 
generally seen on the border of blood films surrounded by erythrocytes. 
Granulocytic leucocytes 
Polymorphonuclear leucocytes: The polymorphonuclear leucocytes that were observed 
in the peripheral blood of Clarias batrachus during the present investigation were thought 
to be the neutrophils which were found to be large and round in shape and 9-14 )..lm in 
diameter with an abundant amount of cytoplasm containing fine granules (Fig. 1h). The 
cytoplasm stained light blue, whitish or white-gray colour and nucleus, purple with 
Wright's and Giemsa's. Nuclei were eccentric and oval (Fig. 1g) or bilobed (Fig. lh) in 
shape. Basophilic and eosinophilic leucocyts were not found. 
Discussion 
Cell type of peripheral blood and their identification is very important to 
haematologists and immunologists for understanding patho-physiological condition of 
fish and primary defense mechanism associated with leucocytes. 
In the present investigation, the following cells of walking catfish Clarias batrachus 
circulating blood were identified: erythrocytes, reticulocytes, lymphocytes (large and 
small), thrombocytes, monocytes and neutrophils (polymorphoneuclear leucocytes). 
Chinabut et al. (1991) found the same types of cells in the same fish, but they did not 
classify the lymphocytes. In this study lymphocytes were divided into two groups, large 
and small, according to their morphology and size. This finding coincides with the 
identification of Mahajan and Dheer (1979) in the snakehead fish Channa punctatus, that 
is an air breathing fish. Boomker (1981) also found such type of cells in Clarias 
gariepinus. 
Mature erythrocytes of Clarias batrachus were oval to round with deeply stained 
centrally located nuclei having abundant cytoplasm. The over all size of the erythrocytes 
ranged from 9-10x12-13 ).LID and the diameter of the nudei were 3-4 )..lffi. Similar 
observations were made by Chinabut et al. (1991) in walking catfish, as· IOxll 
micrometer cell size and 4-5 micrometer nucleus size. Blaxhall and Daisley (1973) found 
erythrocyte of brown trout Salmo trutta ellipsoidal in shape with centrally located 
nucleus (cell size 10.8-18.0 x 9 )..lm). McCarthy et al. (1973) also observed the diameter of 
erythrocyte as 9.4-11.7 x 14.1-17.1 )..lffi in rainbow trout Salmo gairdneri. 
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The nucleus of mature erythrocyte took auricula purple colour and cytoplasm took 
buff colour that is similar to the observation of Blaxhall and Daisley (1973) in rainbow 
trout and Mahajan and Dheer (1979) in Channa punctatus. In the present study 
teticulocytes (immature erythrocyte) were also found in the circulating blood of C. 
batrachus. Its morphology and staining characters are same as those observed by 
Chinabut et al. (1991). 
Among the leucocyte population, lymphocytes, monocytes and thrombocytes are 
considered as agranulocyte and the neutrophils are considered as granulocyte due to 
absence and presence of granules in their cytoplasm respectively (Ellis, 1977). Similar 
cells were found in the present study as also found by Chinabut et al. (1991). 
The size of lymphocytes were much variable ranging from 5 to 9 jlm, having no 
gtanules in cytoplasm and eccentric nucleus occupying about % part of the cell. The 
li:!tge lymphocytes were circular to amoeboid with pseudopod like formation on the 
cytOplasm that are in accordance with the findings of Mahajan and Dheer (1979). 
Cytoplasm of lymphocytes were stained light blue colour and nucleus stained dark 
ptitple itl Wright's and Giemsa's. These results agree with the findings of China but et al. 
(1991) in C. batrachus and Mahajan and Dheer (1979) in C. punctatus. 
Thrombocytes were also found in the peripheral blood of C. batrachus that were 
agranulocytic lelicocytes similar to those observed in C. batrachus by Chinabut et al. 
(1991), Aydin et al. (1997) also found thrombocytes in the peripheral blood of rainbow 
trout Oncorhynchus mykiss. Blaxhall and Daisley (1973) did not find thrombocytes in the 
circulating b1ood of Salmo trutta might be due to the confusing appearance of 
thrombocyte (rolirtd) with the small lymphocytes (Chinabut et al. 1991) and decreasing 
in number during blood film preparation for their involveq1ent in the clotting process 
(Grizzle and Rogers 1976). 
The thtombocytes were variable in shape - round to elongate, the nucleus was larger 
than that of erythrocytes and cytoplasm was difficult to visualize because of'the fact that 
most of the area of cytoplasm were occupied by neucleus. The average size of the 
thrombocyte was 4-5 x 6-8 jlm. The average size of thrombocytes observed in other 
haemotological studies on different fishes viz. C. punctatus (Mohajan and Dheer 1979), 
Salmo gairdneri (McCarthy et al. 1973) and C. batracus (Chinabut et al. 1991) were 1-6!lffi. 
Nucleus of thrombocyte took auricula purple colour and elongated thrombocyte had pale 
pink cytoplasm at one or both ends of the cell. These results were similar to that of 
Chinabut et al. (1991) and Mahajan and Dheer (1979). . 
Monocytes were found to be the largest cells (9-15 !liD in diameter) in the peripheral 
blood of C. batrachus. Usually the cells were rounded to irregular having eccentric 
nucleus and vacuoles in cytoplasm, as also found by Chinabut et al. (1991). Grizzle and 
Rogers (1976) were unable to find such cells in channel catfish lctalurus punctatus blood 
but Dogen and Sullivan (1969) reported the occurrence ofmonocytes in the same fish; 
In Wright's and Giemsa's staining method cytoplasm of monocyte took bluish gray 
colour and nuclei were stained auricula purple colour. Mahajan and Dheer (1979) and 
Chinabut et al. (1991) also found the same staining character of monocytes in air 
breathing fish. 
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The granulocytic neutorphils, found in blood of C. batrachus, were large and 
rounded in shape (9-141-lm in size). Abundant fine granules were found in the cytoplasm 
that stained light blue, whitish or whitish gray colour and their neuclei stained dark 
purple with Wright's and Giemsa's stains. Eccentrically located, oval or bilobed nuclei 
were found in the present study. Similar characteristics were also found by Chinabut et · 
al. (1991) in C. batrachus, Mahajan and Dheer (1979) in C. punctatus and Blaxhall and 
Daisley (1973) in Salmo trutta. 
Catton (1951) had noted that the basophils were generally absent or rar~ly seen in 
blood film. Mahajan and Dheer (1979) reported that eosinophils and basophils had not 
been clearly characterized in Channa punctatus. Similarly in the present study no 
basophilic and eosinophilic leucocyres were found in the peripheral blood of C. 
batrachus. 
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